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Summary  
Retrofit projects are different from newly-built projects in many respects. A retrofit project involves an 
existing building, which imposes constraints on the owners, designers, operators and constructors 
throughout the project process. Retrofit projects are risky, complex, less predictable and difficult to be well 
planned, which need greater coordination. For office building retrofit project, further restrictions will apply 
as these buildings often locate in CBD areas and most have to remain operational during the progression 
of project work. Issues such as site space, material storage and handling, noise and dust, need to be 
considered and well addressed. In this context, waste management is even more challenging with small 
spaces for waste handling, uncertainties in waste control, and impact of waste management activities on 
project delivery and building occupants.  
Current literatures on waste management in office building retrofit projects focus on increasing waste 
recovery rate based on project planning, monitoring and stakeholders’ collaboration. However, previous 
research has not produced knowledge of understanding the particular retrofit processes and their impact 
on waste generation and management. This paper discusses the interim results of a continuing research 
on new strategies for waste management in office building retrofit projects. Firstly based on the literature 
review, it summarizes the unique characteristics of office building retrofit projects and their influence on 
waste management. An assumption on waste management strategies is formed. Semi-structured 
interviews were conducted towards industry practitioners and findings are then presented in the paper. 
The assumption of the research was validated in the interviews from the opinions and experiences of the 
respondents. Finally the research develops a process model for waste management in office building 
retrofit projects. It introduces two different waste management strategies. For the dismantling phase, 
waste is generated fast along with the work progress, so integrated planning for project delivery and 
waste generation is needed in order to organize prompt handling and treatment. For the fit-out phase, the 
work is similar as new construction. Factors which are particularly linked to generating waste on site need 
to be controlled and monitored. 
Continuing research in this space will help improve the practice of waste management in office building 
retrofit projects. The new strategies will help promote the practicality of project waste planning and 
management and stakeholders’ capability of coordinating waste management and project delivery. 
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1. Introduction  
Office buildings are classified amongst the buildings presenting the highest energy consumption and 
environmental impact (Wilkinson and Reed, 2006, Scrase, 2001). The impact will intensify with physical 
and functional obsolescence of the building stock, so the duration of a retrofit cycle is estimated at almost 
25-30 years (Rey, 2004). Australian office markets are relatively mature and characterized by high level of 
refurbishment needed for existing aging properties. As shown in Figure 1, the average age of office building 
stock across Australian CBDs range from 25 years in Brisbane to 31 years in Adelaide (Adelaide City 
Council, 2007). The average age since construction or last refurbishment is 17 years for Melbourne, 19 
years for Sydney and 13 years for Brisbane (JLL, 2005). The primary drivers behind refurbishment or 
retrofit are mitigating obsolescence, upgrading assets, reducing vacancy rates and improving rental income. 
Both owners and occupants are looking for more energy efficient and environmentally sustainable product. 
It is estimated that building retrofit forms an increasing proportion of the annual capital budget as high as 
50% in Australia (Yang and Lim, 2007). 
 
 
 
 
 
Figure 1 Average Age of Office Building Stock in CBDs of Major Capital Cities of Australia 
Increasing number of office building retrofit projects require effective waste management of on-site waste 
generated from project processes. Generally Waste management plans (WMPs) or various formats of 
waste minimization strategy are widely accepted by project stakeholders to manage waste from 
construction projects. Four issues are included in such plans: waste type, waste quantity, waste collection 
and treatment, cost and financing (Tam, 2008, EPA, 2008, Solís-Guzmán et al., 2009). These issues are all 
based on post-generation stage of on-site waste and the plan is for “static” waste management. As a 
retrofit project follows a dynamic waste production schedule with project progress, any changes or 
uncertainties during the project progress will affect the efficacy of waste management measures and 
reduce the targeted reuse and recycling rates of the project. The characteristic of the waste generation 
process, which is closely related to the project implementation, has to be studied to form a new plan 
supporting dynamic management. Only through this way, more practical waste minimization target can be 
realized in retrofitting projects (Yang et al., 2011).  
The paper discusses the interim results of a continuing research on new strategies for waste management 
in office building retrofit projects. Firstly the paper reviews the current research on waste management for 
office building retrofit projects. Based on the existing literatures, it summarizes the characteristics of retrofit 
projects and their influence on waste management. It is followed by an assumption formed for the waste 
management strategies in office building retrofit projects. The findings from the semi-structured interviews 
are then analyzed and presented to validate the assumption and reveal the critical issues for managing 
waste at different phases of the project. Finally a process model with new strategies for managing waste in 
office building retrofit projects is developed and presented in the paper. 
2. Retrofit Projects and Waste Management 
Retrofit projects differ from new build or demolition projects in many respects. By definition, a retrofit project 
involves an existing facility, which imposes constraints on the stakeholders which are unique during the 
whole project process (Sanvido, 1991). Retrofit projects are risky, complex and less predictable tasks, 
which are often poorly planned. It needs greater coordination than new build (Egbu et al., 1998, Reyers and 
Mansfield, 2001, McLennan et al., 1998). Despite less waste is generated, there are greater challenges to 
waste management in office building retrofit projects because of the unique project characteristics (Yang et 
al., 2011), including: 
   
 
 
 
 Partially occupied building (Sanvido, 1991); 
 Limited work space (Gn, 1999); 
 Short schedule of site work (Perng et al., 2007); 
 CBD locations (Douglas, 2006, Yang and Lim, 2007); 
 Uncertainties during project delivery (Egbu, 1997, Gn, 1999, Juan, 2009). 
Increasing waste recycling rates has been the main strategy for waste management in office building 
retrofit projects, as most waste from retrofit work can be recovered for reuse or recycling (BFM and BRE, 
2004, Seppo and Arpad, 2003). It echoes the common industry practice in waste handling and 
management in the projects. However, researchers have discovered that it is often difficult to monitor waste 
generation during the project process because there is a shortage of waste data on retrofit projects. To 
address this problem and assist project managers with effective waste control, a waste monitoring tool 
SMARTWaste was developed by Building Research Establishment Limited (BRE) (Thorpe, 2008). 
Regarding waste monitoring, Hardie, Khan, & Miller (2006) discussed possible approaches to quantifying 
data, distinguishing reuse from recycling, and recording ultimate waste destinations.  
The characteristics of retrofit projects require planning of project delivery and waste generation process in 
advance to achieve waste minimization and increase waste recovery (Sanvido, 1991). Yang et al. (2011) 
developed a model to proactively plan and manage on-site waste generation in office building retrofit 
projects. The model suggested a collaboration process between head contractors and subcontractors to 
improve waste management practice. Subcontractors’ involvement in waste management was also 
discussed by Li et al. (2010).  
Existing literatures looked into the characteristics of office building retrofit projects and discussed the 
specific requirements of waste management. However, existing research didn’t produce systematic 
understanding and solutions of the waste management system with consideration of the specific project 
processes. In addition to the previous research effort, a systematic approach with new strategies for 
effective waste management in office building retrofit projects has yet to be explored. 
3. Assumption 
A retrofit project is defined as the combination of two stages: removal of existing fixtures and installation of 
new fixtures (BFM and BRE, 2004). The first stage is similar as demolition and the second phase is similar 
as new build. It is obvious that waste generation processes at the two stages of the project are different. At 
the dismantling stage of the retrofit project, waste keeps generating continuously with the ongoing 
demolition work. While at the fit-out stage, only a certain percentage rate of waste is expected to be 
generated with unnecessary waste minimized. Therefore, the strategies of waste management for the two 
project stages are different. An assumption for the new strategies can be made as follows: 
 At the dismantling stage, integrated planning of waste generation and dismantling work progress is 
conducted to organize coordinated schedules for waste management and work delivery; 
 At the fit-out stage, factors easy to cause on-site waste need to be identified, monitored and 
controlled during the work progress to realize waste minimization. 
The assumption will be validated in the next sections. 
4. Research Method 
Data collection needs to be conducted to validate the research assumption. Interviews are one of the most 
commonly used methods of data collection (B and BF, 2006). Compared to structured and unstructured 
interviews, semi-structured interviews are more flexible. They contain some fixed questions, but interviewer 
can probe into the responses to discover more opinions (Fellows and Liu, 2003). According to Barriball and 
White (1994), semi-structured interviews are well suited for the exploration of the perceptions and opinions 
of respondents regarding complex issues and enable probing for more information and clarification of 
answers. Therefore, semi-structured interviews are selected to collect the required data for the research. 
   
 
 
 
The questions of the interview contained two parts. The first part is to collect interviewees’ opinions on 
managing waste at the dismantling stage of the project. The second part is for interviewees to comment on 
the strategy for managing waste at the fit-out phase of the project. 15 industry practitioners participated in 
the semi-structured interviews. Among the interviewees, 5 people were from the government, 4 people 
were from large contractors and 6 people were from small and medium contractors. The interviewees’ 
profile is shown in Table 1. 
Table 1 Interviewees’ Profile 
Daily job 
Affiliation 
Total 
Large contractor 
Small and medium 
contractor 
Government 
Project manager 2 3  5 
Construction manager 1   1 
Senior sustainability 
specialist 
1   1 
Architect   3 3 
Director of project services   1 1 
General manager  3  3 
Asset manager   1 1 
Total 4 6 5 15 
The findings from the interviews discussed as follows validate the research assumptions and facilitate to 
develop the process model with new strategies for waste management in office building retrofit projects.  
5. Findings and Discussions 
5.1 Waste Management at Dismantling Phase of Office Building Retrofit Projects 
Interviewees agreed that waste management at dismantling phase of office building retrofit projects has 
different requirement from fit-out phase. At the project stage that is similar as demolition, waste generation 
process and waste management activities needs to be planned before work starts to coordinate with 
project delivery progress. It was believed by most of the interviewees that a model needs to be established 
for the contractors to plan and manage waste at dismantling phase of the project, including waste 
categorization, quantification and scheduling to facilitate integrated management for both project work and 
waste generation.  
To establish the waste planning and management model in the real practice, some information was pointed 
out by the interviewees: 
 Information about the dismantling work, such as work breakdown structure, work schedule, etc. 
 Estimation of a general list of waste materials which are possible to be generated during the 
dismantling work progress. 
It was argued by the interviewees that the information is obtained based on the information of project work 
planning. Waste generated on site need to be handled and treated promptly and waste management 
activities are not expected to interfere with project work progress. It is because the retrofit site is 
constrained and limited. Stakeholders will take the responsibilities of waste management only if it won’t 
affect the project delivery. 
5.2 Waste Management at Fit-out Phase of Office Building Retrofit Projects 
The assumption about waste management at fit-out stage of office building retrofit projects was also 
validated in the interviews. Interviewees argued that fit-out work is similar as new build. Most of the waste 
from the project is material off cuts and packaging. The strategy of waste management for most new build 
projects is to avoid and minimize waste generation. For example, the adoption of prefabrication in projects 
can significantly reduce cutting on site; Suppliers are required to take packaging away for reuse or 
recycling when they transport materials to construction sites.  
   
 
 
 
Because of the characteristics of office building retrofit projects such as restricted site spaces, CBD 
locations, partially occupied buildings during project delivery and unforeseen issues with the ongoing of 
project work, interviewees pointed out that waste generation process needs to be identified in advance to 
analyze the influence on building occupants and figure out appropriate space and services for waste 
sorting, storage, handling, collection and transportation. Waste planning needs to be conducted to ensure 
the coordination of waste management and fit-out work. 
Factors that are possible to cause on-site waste at fit-out phase of office building retrofit projects were 
highlighted by the interviewees. The lack of organizational commitment to waste minimization and 
sustainability among project stakeholders are the fundamental reason that drives the problems on site to 
result in waste generation. Factors related to project delivery processes, including plan, design and 
construction, may directly cause on-site waste or lead to each other, for example, lack of building 
information, low quality of plan, design and specification documentations, high project complexity, project 
variations, and low quality of on-site operational management. Interviewees achieved consensus that an 
appropriate procedure which enables identification, management and control of the waste factors during 
project delivery processes through support and collaborations of project stakeholders is necessary to 
promote waste minimization and management on site.  
6. New Strategies for Waste Management in Office Building Retrofit Projects 
Based on the findings from the semi-structured interviews, the research assumption is validated and the 
strategies for waste management in office building retrofit projects are confirmed. The waste management 
strategies for both dismantling phase and fit-out phase are explained respectively in the following sections. 
6.1 Dismantling Phase 
At dismantling phase of office building retrofit projects, waste management is coordinated with work 
progress. There are four issues to be considered for waste planning and management: Work Breakdown 
Structure (WBS), Bill of Quantities for materials in the existing building, work schedule and uncertainty plan. 
Further explanations of these issues are provided in the following sections. 
Work Breakdown Structure (WBS) 
The Work Breakdown Structure (WBS) is a way to decompose a project into its lowest components and is 
the single most important tool in a project manager’s tool kit. With a fully developed and detailed WBS of an 
office building retrofit project, each activity both with and without waste generation can be identified and 
relevant waste materials and components can be outlined. It is the basis for calculating time and quantity of 
waste generation and the total waste flow within the work package of each contractor or subcontractor. 
Bill of Quantities (materials in existing buildings) 
Bill of quantities (BOQ) is a document used in tendering in the construction industry in which materials, 
parts and labor are itemized. It has been required as essential in UK’s Institute of Civil Engineers 
Demolition Protocol (Miller et al., 2006). BOQ outlines the potential categories and quantities of the waste 
which will generate during the work process. This BOQ is based on the WBS of the intended project and 
the existing documents of the building, such as final construction accounts, to provide the information about 
the material elements of the building to be retrofitted.  
Work schedule 
A project schedule is a projected timetable of construction operations that will serve as the principal 
guideline for project execution (Sears et al., 2008). At dismantling phase of the project, the waste 
generation schedule is based on the work schedule and BOQ of materials in the existing building, so that it 
can provide information of categories, quantities and time of on-site waste generation during the project 
delivery.  
Uncertainty plan 
It is widely recognized that retrofit projects are more risky and uncertain than newly build and demolition 
projects (Dulung and Pheng, 2005, Holm, 2000). Even with good planning and on-site inspection, 
contingency plan will usually need to be incorporated (Gn, 1999). Except for the uncertainty plan, the 
   
 
 
 
schedule of waste generation is supposed to be leveled during the whole period of work process to reduce 
the influences of the unforeseen problems to waste generation and management. 
Work resource allocation schedule 
A balance is needed between waste schedule and work schedule as waste management cannot interfere 
with project delivery. Resource allocation is one of the important factors to reflect the work progress. The 
information of resource allocation schedule and waste generation schedule needs to be coordinated to get 
the optimized result of work sequence arrangement. It will not only facilitate timely waste management 
during the dismantling work but also help organize an efficient work plan. 
6.2 Fit-out Phase 
At fit-out phase of office building retrofit projects, the waste management strategy is to manage and control 
possible factors that can cause waste generation. Critical issues of the strategy are explained as follows: 
Initial waste generation estimation 
Before fit-out work starts, waste factors that have influence on waste generation need to be identified. With 
the identified waste factors and plan of project work, initial estimation of waste generation is carried out, 
including waste categories, quantities and generation time.  
Plan of waste management activities 
Based on the initial estimation of waste generation, initial plan of waste management activities is conducted. 
Waste management activities are organized according to the generation schedule of on-site waste. 
Waste monitor and management 
The identified waste factors, waste generation and relevant waste management activities need to be 
monitored and controlled during the work progress. If there is any change to the project work and waste 
information, the waste factors, waste generation schedule and waste management activities will need to be 
modified to adapt to the difference. Rework and project variations are easy to cause unnecessary waste on 
site as the existing work may need to be demolished or modified to respond to the new requirement. If they 
happen in the project, additional waste caused by rework or variations needs to be examined and 
calculated to facilitate reactive planning for waste management. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Process Model for Waste Management in Office Building Retrofit Projects 
   
 
 
 
Based on the analysis of the issues involved in waste management for different stages of office building 
retrofit projects, a process model for managing waste are formed and described in Figure 2. This model 
presents waste planning and management processes based on the two different strategies for dismantling 
phase and fit-out phase of project delivery. 
The implementation of this model requires the involvement of subcontractors, which undertake most on-site 
project works, to be responsible for the planning and management of waste generated from their works. It 
also needs their collaboration with other project stakeholders, such as client, consultants, head contractor 
and suppliers, to communicate for necessary information applied in the process model, and to support and 
promote the practice of waste planning and management in office building retrofit projects. 
7. Conclusions 
The requirement for waste management in retrofit projects is different from that in new build and demolition 
projects. This is because there are more restrictions of time and space for waste operation. The risky 
nature and unfamiliar territories for many contractors make it difficult for effective waste control during 
project progress. Further restrictions are imposed as these projects often locate in CBD areas and most 
have to remain operational during the progression of project work. However, existing literatures don’t 
provide sufficient understanding of the particular retrofit processes and their impact on waste management. 
This paper discusses the new strategies for waste management in office building retrofit projects based on 
the findings from semi-structured interviews. For the dismantling phase of the project, integrated planning 
of waste generation and dismantling work progress is conducted to organize coordinated schedules for 
waste management and work delivery. While at the fit-out stage, factors contributing to waste generation 
on site need to be identified, monitored and controlled during the work progress.  
Continuing research in this field will promote the practice of industry practitioners and collaboration of 
stakeholders in waste planning and management for office building retrofit projects. Further study will be 
conducted to validate the result in this paper through case studies. 
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